The taxonomic position of Thiobacillus denitriJicans was investigated by using six newly isolated strains which were compared with other species of this genus, under aerobic and anaerobic growth conditions. The validity of T. denitrijicans is shown. Thiobacillus intermedius and T . thermophilica, two species recently described by other authors, were also investigated.
I N T R O D U C T I O N
The species Thiobacillus denitrijicans was first described by Beijerinck (1904a, 6 ) and said to be capable of autotrophic growth; aerobically in the presence of thiosulphate or thiocyanate and anaerobically in the presence of thiosulphate and nitrate. In previous studies of the genus Thiobacillus (Hutchinson, Johnstone & White, 1965 , 1966 many strains were isolated from a wide variety of sources, but strains corresponding to T . denitriJcans were not found. As aerobic enrichment cultures had been used in these experiments the present paper describes attempts to isolate T . denitri-$cans using anaerobic enrichment cultures and isolation techniques. Twenty sources were examined and strains which produced gas from nitrate-containing media isolated in pure culture. These organisms proved to be facultative anaerobes but unlike the strains described by Baalsrud & Baalsrud (1954) and Woolley, Jones & Happold (1962) they did not lose their ability to grow anaerobically after cultivation for a period of 6 months. During this period the strains were subcultured at 21-day intervals.
As with the acidophilic species previously studied (Hutchinson et al. 1966) there was considerable difficulty in deciding the test conditions to be used when comparing these strains with the other species. There appeared to be no logical method for selecting either aerobic or anaerobic test conditions and therefore these organisms were compared with closely related species in two separate series of tests under aerobic and anaerobic conditions. During the course of this work two rather unusual species of the thiobacilli were described by other authors. Thiobacillus intermedius (London, 1963) was an acidophilic facultative heterotroph which decreased the pH value of thiosulphate media to below pH 2.8; a culture of the original strain together with a similar organism isolated by us have been included in the aerobic series of tests. The other species, T . thermophilica (Egorova & Deryugina, 1963) , is a spore-forming autotrophic thermophil ; our examination of this organism was limited to confirming the original description.
Organisms. As no authentic strains of Thiobacillus denitrijicans were available to us and no isolates corresponding to the original description had been found by us in previous work (Hutchinson et al. 1965 (Hutchinson et al. , 1966 , twenty sources were examined specifically for anaerobic thiobacilli. Enrichment cultures of the various samples were set up in the S 6 thiosulphate medium (Hutchinson et al. 1965 ) with the addition of NaHC03 0.5 g./l. as carbon source and KN03 5.0 g./l. as oxidant (medium S 8). These cultures were contained in completely filled and stoppered bottles.. When gas formation was observed in the cultures two-thirds of the culture medium was replaced aseptically with fresh medium. This accelerated the rate at which the gas accumulated and was -t accompanied by the deposition of elementary sulphur. At this stage the cultures were plated on S 8 medium agar and incubated at 28" in a McIntosh & Fildes jar. All the different types of colonies seen were purified by three consecutive single-colony isolations, and all the isolates except 2T' were maintained under anaerobic conditions before testing. Gas formation was observed in only six of the twenty enrichment cultures examined. As may be seen from ( 1 962) reported similarities between Thiobacillus denitrijicans and T. thioparus ; therefore representative strains of the latter species were included in the tests. The authentic strain of T. intermedius, very kindly supplied by Dr J. London, and a very similar strain isolated in our laboratoties were also included in the aerobic series of tests. These organisms and their origins are listed in Table 2 . Tests. All isolates were examined under aerobic and anerobic conditions according to the standard test scheme used previously. The anaerobic tests were made in the anaerobic medium ( S 8) in completely filled and stoppered bottles.
Some of the tests did not differentiate between the organisms under study and were therefore omitted from the analysis. Of the 30 tests investigated anaerobically only 18 were finally utilized and these yielded 44 character states. In the aerobic series only 24 out of 40 tests were used giving 62 character states.
All measurements and analyses were made as in previous studies (Hutchinson et al. 1965 (Hutchinson et al. , 1966 . The two sets of data were analysed independently though certain tests were common to both series of scorings. The tests used are summarized in Table 3 . Chemical analysis. The amount of thiosulphate utilized was determined by titration with 0.01 N-iodine, and gas formation (presumed to be nitrogen) by visual observation.
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Analysis of data. The results were scored according to the method of Beers & Lockhart (1962) and the S values calculated by the method of Sneath (1957) . The order of the rearranged matrices was obtained by inspection.
RESULTS
The results of the numerical analyses for the aerobic and anaerobic test series are shown in Figs. 1 and 2 , in which the strains have been arranged in order of similarity. The strains may be segregated into four groups reported previously (Hutchinson et al. 1965) : 0 (the trautwein types), 3 (Thiobacillus thioparus) and 4 (T. neapolitanus) together with a newly formed group containing the anaerobic denitrifying thiobacilli which has been termed group 2. Although similarities exist between group 2 and group 3 especially in their ability to oxidize thiocyanate, the differentiation between these two groups is shown in Table 4 . These data indicate that there is no overlap between the highest observed S values for one group and the lowest S value for the other. Moreover, with the exception of case 4
in Table 4 , these two groups are distinct even if one adopts the criteria of a probable distribution of S values, plus or minus three standard deviations about the mean for the median organism of either of the two groups. This differentiation was also supported by certain cultural characteristics. These were :
(1) Only members of group 2 were able to oxidize thiocyanate anaerobically.
(2) Only members of group 2 were capable of active denitrification in a nitratecontaining liquid medium under anaerobic conditions. Although certain other strains, notably group 3 and group 0, grew under these conditions to a limited extent, they did not possess the ability to denitrify actively producing visible amounts of nitrogen gas.
(3) Members of group 2 differed from those of group 3 in that the final pH values attained during aerobic cultivation were never below pH 5.0 with sulphur or thiosulphate as substrate. When the substrate was thiosulphate the amount oxidized was limited by the acidity resulting from the oxidation. For example in medium S 6,18 % of the thiosulphate was removed by these organisms in 8 days when the pH value had fallen to 5-45 and this was unchanged after incubation for a further 20 days. Similarly, cultures inoculated into media containing 0-5, 1, 2 yo (w/v) thiosulphate, oxidized in 28 days 31 %, 15 % and 6 %, of the initial thiosulphate, the corresponding final pH values were 5.35, 5.4 and 5.6. All members of group 3 under aerobic conditions oxidized all the thiosulphate in medium S 6 with a final pH value between 3.5 and 4-0. (4) Differences exist between these two groups with respect to their antibiotic sensitivity patterns when examined by using Sentest sensitivity discs (Evans Medical Ltd., Speke, Liverpool) on plate cultures incubated aerobically or anaerobically. The sensitivity patterns of both groups are given in Table 5 . Moreover, the sensitivity pattern for these strains differed according to the conditions in a manner comparable to the findings of Kogut, Lightbown & Isaacson (1965) who found that Escherichia coli under anaerobic conditions was not inhibited by streptomycin because these conditions interfered with the uptake of this compound. A similar phenomenon may be operative here for group 3 organisms with respect to bacitracin and novobiocin.
The examination of Thiobacillus intermedius confirmed that this organism in addition to producing an acidity pH of 2.8 in thiosulphate or sulphur media also grew heterotrophically in common organic media. The isolate 2R was 71 % similar to the authentic culture and should probably be regarded as another strain of the same species.
Thiobacillus thermophilica, very kindly supplied by Dr A. A. Egorova, was not tested with the other strains because of its abnormal temperature requirement; growth did not occur at 37", but at 57" small colonies were visible after 18 hr which increased to 5 mm. diam. in 10 days. Similar results were obtained in liquid culture and growth only occurred in the presence of either thiosulphate or sulphide. The amount of thiosulphate oxidized was small, only 8 % of a 0.5% (wlv) thiosulphate medium, in 28 days. This was accompanied, however, by a slight fall in the pH value of the medium and a positive test for sulphate, indicating that some of the thioswlphate had been completely oxidized.
No growth could be obtained in any of the common organic media nor in the basal mineral salts medium without thiosulphate.
The vegetative cells were Gram-negative and rather larger than the other thiobacilli, 2-3 p by 0.6-0.8 p. Many terminal spores were observed and the chain formation as described by Egorova & Deryugina (1963) was very characteristic.
DISCUSSION
As may be seen in Fig. 1 , the denitrifying group 2 appears distinct from the established species, Thiobacillus thioparus (group 3). There is considerable intragroup variation in the similarity values of these two groups which may be the result of the comparatively small selection of tests used in this instance. This is supported to some extent by the results for 2~ and 2~' which only resemble each other at 71 % level; these are the same strain but differed in that 2~' was grown aerobically prior to testing. Baalsrud & Baalsrud (1954) and Woolley et al. (1962) have expressed the view that with prolonged aerobic cultivation, Thiobacillus denitrijicans reverts to a T. thioparus type. However, the instance of 2T' quoted above would suggest that this organism resembles more closely the members of group 2 than those of group 3. Further evidence for this differentiation is shown in the physiological characters of denitrification in anaerobic culture, the ability to oxidize thiocyanate anaerobically and in aerobic culture a final reaction not below pH 5-0. The differentiation of groups 2 and 3 under aerobic conditions of cultivation (Fig. 2) is also evident. These data would strongly suggest that T. denitrijicans is a valid species and distinct from the other named thiobacilli.
From the account of London (1963) and our experimental data there is little doubt that Thiobacillus intermedius is a member of the genus Thiobacillus and is probably sufficiently different from T. thio-oxidans to warrant species rank.
The problem of the classification of T. thermophilica is rather more complex for, although it appears to be an obligate autotroph which utilizes reduced sulphur compounds, the morphology of this organism is very different from that of the other thiobacilli. Although it cannot by definition be a member of the Pseudomonadales we suggest that it should be retained within the genus ThiobaciZZus until more evidence of its relationship is forthcoming. To some extent this situation is similar to that of the anaerobic sulphur reducing genus Desulfovibrio which included both monotrichous non-sporulating and peritrichous sporulating bacteria. In this group the sporulating organisms have been separated from the non-sporulating types and placed in a different genus (Campbell & Postgate, 1965) . However, no indication was given of whether the two genera were to be separated by the removal of the new genus Desulfotomaculum from the Pseudomonadales.
A diagnostic table for the identification of all the species of the thiobacilli will be given in a later paper.
